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The Central Artery/Tunnel (CA/T) Project also known as "Big Dig" has been the largest public work ever attempted in the American 
history.  The selection of an appropriate earth retaining system for elimination of ground movement and preservation of adjacent 
structures was a key constructability challenge for construction practitioners at the CA/T.  This paper explains the critical factors 
which had an effect on the selection of the Soldier Pile-Tremie Concrete (SPTC) slurry walls at the project.  The advantageous of this 





The Central Artery/Tunnel (CA/T) Project in Boston, 
Massachusetts has been one of the largest, most complex 
highway and tunnel projects ever attempted in the American 
history with a whopping cost in excess of $14.6 billion 
[Masspike 2006].  The massive CA/T included a tunnel under 
Boston Harbor, a 14-lane crossing of the Charles River, and an 
eight-to-ten-lane underground expressway to replace a 
deteriorated six-lane elevated highway built in the 1950s, the 
only major highway route through the city.  The project has 
entailed numerous and complex construction challenges in 
tunneling under densely populated downtown Boston.  For 
instance, the project burrowed close to buildings and subway 
tunnels, often with only a few feet to spare.  Construction 
plans included underpinning the existing elevated Central 
Artery so that this structure continued to carry traffic--as well 
as supporting the railroad tracks leading into the city's main 
train station--while underground highways were built directly 
below it [Das et al. 1996a] [Das et al. 1996b].  
 
Major construction stages at the CA/T may be summarized to 
construction of a new, third tunnel from downtown under 
Boston Harbor to Logan International Airport, easing the 
perpetual traffic jams in the Sumner and Callahan tunnels; 
building a new 8- to 10- lane underground expressway beneath 
the existing Central Artery, dodging utilities, old pilings, 
building foundations-all the while keeping the old Artery 
open; connecting the new tunnel to Interstate 90--the 
Massachusetts Turnpike--and the new underground 
expressway to both the old and new tunnels, as well as to the 
existing city network; and, finally, demolishing the existing 
elevated Central Artery [Brenner 1989].   
THE EARTH RETENTION AT THE CA/T 
 
The purpose of an earth retaining system is to stabilize an 
otherwise unstable soil mass by means of lateral support or 
reinforcement.  It is a legal necessity with any new 
construction to provide protection to adjacent structures when 
excavating to any appreciable depth.  Without adequate lateral 
support, the new excavation will almost certainly cause loss of 
bearing capacity, settlements, or lateral movements to existing 
property [1].  Designers and contractors must satisfy the 
owners of adjacent properties and various organizations, who 
wish construction to proceed without any effects on the 
surroundings, and the construction realities of project, in 
which it is impossible to build without any disturbance at all 
[Neff 1996a] [Neff 1996b] [Neff 1998]. 
 
The need for an earth retention system at the CA/T may be 
investigated for above the ground and underground conditions.  
The above the ground project features influencing the need for 
an earth retention system included underpinning the existing 
Artery, supporting adjacent buildings and moving on with the 
construction work.  The structural type selected for the tunnel 
wall had to satisfy all civil highway criteria including 
clearance in both plan and profile [Brenner et al. 1993] 
[Brenner et al. 1995]. 
 
The underground features of project included limiting 
consolidation of the compressible clay on which numerous 
structures were supported.  Compression of these soils could 
have caused settlement of structures supported on deep piles in 
the glacial till and weathered bedrock because of overloading 
of piles from down drag.  In addition, it had to limit 
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consolidation of the organic deposits, caused by lowering of 
the groundwater level outside the excavation, which could 
result in overloading of timber piles because of down drag and 
settlement of streets, sidewalks, and utilities.  This paper 
categorizes the described conditions along with other factors 
that influenced the selection of an earth retention system at the 
CA/T as design attributes, construction considerations, right-




Design Attributes  
 
One of the engineering challenges in the design process of the 
CA/T project was Boston's difficult soil condition which also 
influenced the selection of an earth retention system.  Among 
the important factors affecting the design of an excavation 
retention system are ground, groundwater, and lateral pressure 
acting on the support system [Munfakh 1990].  At the CA/T, 
the existing buildings with significant historic and economic 
value were located within close proximity to the project’s 
alignment.  The structural type chosen for the tunnel had to be 
one to prevent damage to existing buildings.  Since the 
adjacent existing buildings were very sensitive to both vertical 
and lateral ground movement, the excavation supporting wall 
and final tunnel wall had to be rigid and watertight to 
minimize excavation-induced ground movements and to 
prevent the fluctuation of the water level during and after 
construction. These design requirements were probably the 
most significant criteria for selecting the slurry walls over 
other alternatives despite some of their disadvantages that will 
be discussed later. 
 
On situations, where both the earth and water must be 
retained, the system will have to be reasonably watertight 
below the water table and be capable of resisting both soil and 
hydrostatic pressures.  Lowering the water table is seldom 
practical for environmental reasons and it will produce 
settlement of the soil (and of any structure on that soil) 
[Bowles 1996].  In such cases, a relatively rigid watertight 
structure such as slurry walls can meet the challenge [Neff et 
al. 1996] and other retention systems such as sheet piles may 
be eliminated from further consideration because of lack of 
reliance in sealing joints to retain water and pumping the 
infiltration.  The walls had to be designed to extend into 
bedrock to reduce lateral movements during excavation and 
groundwater inflow, and to support vertical bearing loads.             
 
 
Construction Considerations  
 
The earth retention systems may be classified to fill or cut wall 
construction systems [Sabatini et al. 1997] or based on basic 
mechanisms of lateral load support to externally stabilized or 
internally stabilized system [O'Rourke et al. 1990].  Fill wall 
construction refers to a wall system in which the wall is 
constructed from the base of the wall to the top (i.e., bottom-
up construction).  Cut wall construction refers to a wall system 
in which the wall is constructed from the top of the wall to the 
base (i.e. top-down construction).   
 
The CA/T project replaced an elevated interstate highway with 
an underground multi-lane expressway through the heart of 
Boston.  The project involved deep cut-and-cover excavations 
beneath the existing elevated highway structure and along city 
streets congested with extensive utilities and abutting high-rise 
buildings.  In addition, two rapid transit facilities cross the 
alignment in the downtown area of the project.  All 
construction work had to be performed while workers 
continued to commute to their jobs, while businesses and 
commercial activities continued to thrive, while residents and 
users/owners of property abutting the construction sites 
continued to function without being displaced, and without 
damaging adjacent buildings.   
 
One section of the CA/T known as the deepest point within the 
project’s alignment (110 ft below grade) was to be passed 
directly beneath the subway station.  Approximately 26,000 
commuters used this station every day [Chen et al. 2000].  The 
underpinning of this structure was one of the most technically 
challenging and complicated undertakings in the CA/T.  The 
Red Line subway station, a reinforced concrete structure built 
in 1913, has a width of 72 ft and an invert about 55 ft below 
ground.  This 87-year old structure had a significant impact on 
the constructability of different retention systems with regard 
to vertical alignment.  Because of the need to reach a 110 ft 
below grade depth to clear the subway station structure, the 
project required maintaining/relocating numerous utility 
systems, managing vehicular and pedestrian traffic, and 
constructing a new transitway tunnel and station within the 
confines of the excavation support system.  To meet the 
demands of this project, the earth retention system had to be 
constructed beneath the existing expressway viaduct.  The 
vertical clearance available for construction varied along the 
alignment.  Typical clearances between existing grade and the 
underside of the Central Artery viaduct were between 5 and 
6.5 m (16 and 21 ft).  The vertical constraints for low head 
room construction were as tight as 1.2 m (4 ft) from the 
bottom of the I-93 viaduct to top of grade.  Earth retention 
system as deep as 36.6 m (120 ft) had to be built under this 
confined space [Das et al. 1996b]. 
 
Consequently, because (a) the required excavation height was 
up to 110 ft, (b) the nearby buildings could get damaged as a 
result of ground movements and ground surface settlements 
and/or construction-induced vibrations and, (c) there was a 
town ordinance limiting construction noise, some of the 
noisier construction methods for supporting an excavation 
such as sheet pile wall and soldier pile and lagging may be 
eliminated again by considering constructability restraints.  
Based on the constraints with adjacent structures, old 
foundations, underground utilities and transit line, several of 
the soil stabilization methods such as anchored walls and soil-
nailed walls may also be eliminated from consideration. 
 
Further evaluation of the remaining candidate wall systems 
requires consideration of the subsurface conditions for 
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construction described in the design attributes.  It was 
necessary to evaluate the strength and stiffness of in-situ soils 
and groundwater conditions to adequately assess the influence 
of ground movements and ground settlements on the integrity 
of adjacent structures.  Once again, the slurry walls fit the 
stiffness and water tightness required for the project.  The 
Soldier Pile-Tremie Concrete walls, if used as part of the final 
structure, permit “roof-first” construction which is time 
effective, especially in urban areas [Brenner et al. 1996a] 





To support an excavation in a very tight space, a top-down 
staged excavation and support system may be the most 
suitable.  The feasibility of such a structure, however, is 
influenced by the presence of utilities and buried structures 
nearby and the additional cost of permanent underground 
easement for placing of the reinforcing elements [Munfakh 
1990].  At the CA/T project, this consideration was a 
significant reason to relocate the existing utilities and to 
provide a corridor for the construction of the mainline tunnel 
[Spruch et al. 1996].  There were twenty-nine miles of utility 
lines within the right of way including wastewater pipes, 
storm drains, water mains, electric, gas, telephone, cable, 
television, and stream lines [Perrin et al. 1993].  The anchored 
wall, soil nailed wall and micropile wall may be eliminated 
from consideration because significant right-of-way or 
permanent easements is necessary for these type of wall 
systems so that adequate pullout resistances of the ground 
anchors or soil nails may be developed.  Right-of-way and 
permanent easements for those types of retention systems 
were difficult for the conditions of project. 
 
 
Environment     
 
With construction work to last over a decade, the continuing 
economic vitality of Boston depended on the project allowing 
businesses to operate normally, traffic and pedestrians to move 
comfortably through the downtown, and residents to endure as 
little disruption to their lives as possible.  The construction 
methods and technologies had to remain friendly to the 
environment during construction. Efforts to keep Boston open 
for business during this unprecedented construction period 
was called mitigation [Perrin et al. 1993]. 
 
The selection of an earth retaining system may be influenced 
by its potential impact on environment during and after 
construction.  Excavation and disposal of contaminated 
material at the project site, traffic diversions, adverse impact 
to businesses, construction noise and vibration, and 
groundwater drawdown and contamination were among the 
most important concerns in this regard [Spruch et al. 1996].     
 
The disposal of waste materials are generally regulated in the 
United States, the least restrictive level of regulation being as 
a solid waste or a "construction and demolition" (C&D) waste.   
Both solid wastes and C&D wastes must be disposed of at 
licensed solid-waste facilities, typically landfills.  The 
incorporation of slurry into C&D waste streams were possible, 
particularly where C&D materials were processed into 
alternative landfill cover materials, but this had to be 
confirmed with local processors and/or regulatory authorities.   
 
At the CA/T, as a remedy to these disadvantages, the reuse of 
slurry from one panel to another was considered to minimize 
the amount of waste created.  This approach started with the 
premise that the slurry was not being disposed and as a result 
cannot be considered a waste.  However, the slurry proposed 
for beneficial reuse still required a level of stabilization or 
dewatering adequate for the proposed reuse.  The viability of 
planned beneficial reuse was investigated before construction 
began [Brenner et al. 1995].  In summary, the selection of 
slurry walls had no environmental benefits over alternative 
earth retention systems due to concerns with the safe disposal 
of slurry material that actually put the slurry walls in a 
disadvantage comparing to other alternatives. 
 
 
Durability and maintenance  
 
A structure built of concrete has a higher durability against 
corrosion and weathering effects than a structure constructed 
of metal [Munfakh 1990].  A corrosion study for the National 
Bureau of Standards on both sheet pile and bearing pile 
substructures indicated that piles driven in disturbed or fill 
soils will tend to undergo relatively more corrosion than 
concrete elements or metal elements installed in other soil 
types, and may require painting [Bowles 1996].  Concrete 
structures are more reliable against corrosion and weathering 
than structures made of metal elements.  Keeping in mind that 
the groundwater level along the Central Artery was high, the 
selection of a concrete wall system was more advantageous 
than metal walls due to durability. 
 
 
Cost   
 
Economics typically influences the selection of a wall system 
when the appropriate wall types are chosen.  Wall costs 
depend on a number of factors including: (a) short-term versus 
long-term wall life, (b) locally available or surplus 
construction materials, (c) remoteness of the site and difficulty 
of terrain, (d) need for standard versus nonstandard design 
solutions, (e) construction timing constraints, (f) size of the 
project, (g) traffic needs during construction, (h) equipment 
available and, (i) wall maintenance needs and others [Keller 
1990].  The cost of non-conventional retaining structures used 
for excavation support is usually more than that of 
conventional systems except for permanent cuts where soil 
nailing or similar structures may be more economical 
[Munfakh 1990].  Based on the information found in the 
current literature, the cost of constructing slurry walls is 
higher than the cost of constructing other types of retention 
system, especially conventional methods such as soldier pile 
and lagging, and metal walls [Brenner et al. 1996a] [Brenner 
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et al. 1996b].  Slurry walls are about two times as expensive 
per square feet as walls constructed of sheet piles and soldier 
pile and lagging system.  However, slurry walls could keep the 
ground loss to near zero when they were used as part of the 
permanent construction [Bowles 1996].  Therefore, slurry 
walls were the most appropriate system for the conditions of 
project and the cost factor may not have influenced the 
selection of slurry walls as much as design and preservation of 
adjacent structures did.  The permanency and keeping the 
ground movement to near zero took precedence over higher 
cost of slurry walls. 
 
 
Construction Tradition  
 
Tradition may dictate, or prevent the use of a certain type of 
structure irrespective of its technical rating.  There has been 
years of experience with constructing slurry walls in Boston, 
Mass.  For example, in the Post Office Square Park and 
Garage Project completed in 1990, most adjacent structures 
were within 15 m (50 feet) of the excavation.  Construction 
used the top-down method.  The soil profile included deep, 
soft clay deposits. Approximately 335 m (1,100 feet) of slurry 
wall was used at this project.  In the MBTA Tunnel 
Ventilation Shafts Project completed in 1996, thirty 
ventilation shafts and/or emergency exits were built at 30 
locations along three existing transit lines.  Slurry walls were 
designed at some sites to minimize ground movement and 
avoid potential damage to the subway tunnel and nearby 
historic structures [Rawnsley et al. 1996].  An advantage was 
realized by selecting the slurry walls at the CA/T because of 
years of experience in the construction of slurry walls and a 
tradition of implementing this type of retention system in the 
northeastern part of the U.S. 
 
 
SUMMARY AND CONCLUSIONS          
 
A proportion of underground construction work at the CA/T 
included tunneling through the congested urban areas (e.g. the 
site surrounded by a 32-story bank, a 46-story office building 
and an 80-year-old railroad terminal supported on wood piles).  
The selection of an appropriate technique for the project was 
critically important.  The project planners at the CA/T 
employed Soldier Pile Tremie Concrete (SPTC) slurry walls to 
support excavations, cutoff groundwater seepage, serve as 
final structural walls, and provide underpinning support for the 
existing artery viaduct.  The advantages of slurry walls 
compared to other earth retention systems such as sheet piles, 
soldier pile and lagging, secant pile wall, anchored walls, and 
in-situ reinforced walls may be summarized to design 
attributes, construction considerations, right-of-way, durability 
and maintenance, and construction tadition.  Some of the 
benefits of SPTC walls at the CA/T were: (a) the SPTC walls 
were stiff and could  hold back the soil better than 
conventional methods like soldier pile and lagging or braced 
sheeting to limit the ground movement, (b) the SPTC walls 
tend to be more watertight, and provide seepage cutoff to 
control drawdown outside the excavation, (c) the SPTC walls 
provided vertical support of underpinning for the existing 
Central Artery viaduct and provided vertical support for 
ground traffic, (d) the SPTC walls allowed construction to 
proceed under low head room clearance that, in turn, saved 
time and, (e) the SPTC walls functioned as an integral part of 
the permanent structure supporting roof loads and future 
development loads.  
 
This paper explained the selection of an earth retention system 
at the CA/T.  The evaluation of factors discussed lead the 
project planners at the CA/T to select the SPTC slurry walls as 
the most appropriate earth retention system for the challenging 
conditions of project.  The evaluation of these factors at large 
scale projects is particularly helpful for evaluation of various 
construction techniques.  Although the characteristics and 
challenges of construction projects are unique at times, the 
selection of earth retention system at the CA/T project may 
serve as a model of an engineering challenge faced at one of 
the most complex construction projects of our time which 
overcome with the utilization of slurry walls.  Construction 
practitioners may consider slurry walls as an effective system 
to eliminate ground movement and preserve adjacent 
structures.   
 
On a broader perspective, many countries still use the 
conventional method of earth retaining.  The advantages of 
slurry walls shown along the CA/T project illustrates how new 
technologies and methods have completely changed the face 
of the construction industry not only by changing the way 
specific construction tasks are performed but also by affecting 
the degree of challenges and complexity of construction 
projects.  Keeping an old urban area operational, while the 
tunneling work proceeded underneath the city and in some 
portions below the existing underground infrastructure such as 
rail road systems is an illustration of how the degree of 
complexity of projects have been affected by construction 
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